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Abstract 
Ultrastructural analysis was performed to deter-
mine morphological changes in the 67 murine mamma-
ry tumor cells grown in four defined metabolic states 
in vitro, i.e., proliferating cells (P), cells in 
transition towards quiescence (T), nutrient-deprived 
quiescent cells ( Q1), and Q1 cells stimulated to re-
enter the cell eye le ( St4) by refeeding for 4h in situ 
with complete medium. Al so, these documented 
changes were evaluated as a function of the radio-
sensitivity of the various cell types. The average 
number of lipid body and mitochondrial profiles per 
cell was significantly higher in Q1 and St4 cells 
versus P cells. Also, greater variability was observed 
in the number of lipid bodies and mitochondria per 
cell section in the T, Q1 and St4 cells relative to P 
cells. Nuclear alterations involved little change in 
nuclear area occupied by heterochromatin in Q1 cells 
compared to P cells but the number of heterochro-
matin patches decreased in Q1 cells compared to P 
cells indicating a change in higher order chromatin 
packaging. The nucleolar organization was lost in Q1 
cells as measured by the almost complete lack of 
nuclear area occupied by nucleoli in Q1 cells. In 
addition, nuclear diameter decreased in Q1 cells 
compared to P and T cells, but not St4 cells. The 
multiple changes in the morphological organization 
suggest a shift in the metabolic functioning of the 
cells relative to the proliferative status of the cell; 
however, there was no apparent correlation between 
these described changes and the respective radiation 
responses as measured by cell-survival analysis. 
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Introduction 
Characterization of the cell ultrastructural 
organization provides insight into the status of the 
cell as a whole and on the fundamental architecture 
upon which the cell must be able to perform several 
basic metabolic functions. Several studies have 
examined ultrastructure in relation to cell function. 
As an example, the degree of chromatin compaction 
as visualized by thin-section electron microscopy of 
proliferating versus non-proliferating (G 0 ) human 
lymphocytes was correlated with the cycling versus 
non-cycling metabolic activity of the lymphocytes 
(Pompidou et al., 1984). Further, the nuclear 
dimensions as a measure of chromatin compaction, 
were thought to correlate with cellular radio-
sensitivity (Suciu, 1985). 
A tumor model system was used for this study 
which, was originally isolated from a single murine 
mammary carcinoma (Dexter et al., 1978). This study 
utilized one of the cell lines, designated 67, which 
was maintained in tissue culture and grown in four 
defined metabolic states, i.e., proliferating or 
exponential growth (P), transitional or cells just 
entering quiescence (T), quiescent or nutrient-
deprived non-cycling cells (Q1) and quiescent cells 
stimulated metabolically by refeeding in situ for 4h 
( St4). The metabolic states were defined by cell 
volume, cellular RNA and DNA content and cell cycle 
distribution (Wallen et al., 1984). A significant 
property of this model system is the ability to 
culture each metabolic state or population of cells in 
separate tissue culture flasks and therefore, allow 
characterization of particular biological parameters in 
each individual sub-population of the cells in various 
states of growth. Also, the functional response to 
ionizing radiation exposure in each population of 
cells could be determined. The radiation response of 
the 67 P cells differs from the Q1 cell response. 
The D0 (the dose of X-irradiation required to kill 
63% of the cell population) for P cells is O. 90 Gy and 
for Q1, the D0 is 0.52 Gy while the Dq (quasi-
threshold dose or dose required before exponential 
kill of the population) is 2.5 Gy and 1.88 Gy for P 
and Q1, respectively. The T and St4 cellular 
response to X-irradiation is similar to the P cells 
(Wallen et al., 1985). 
Underlying morphological alterations may, in 
part, be responsible for the differential radiation 
response in the four metabolic states. Previous 
studies characterized only the early passage 67 P cell 
morphological organization (Hager et al., 1981). 
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Therefore, these ultrastructure studies were 
performed as part of a program to determine the 
morphological organization of malignant cell 
populations in defined proliferative (metabolic) states 
(Dethlefsen, 1980) and as a function of the response 
to X-irradiation ( Wallen et al., 1985). 
Materials and Methods 
Cell culture 
The 67 cell line (originally isolated from a 
murine mammary tumor) (Dexter et al., 1978) was 
maintained in exponential growth in monolayer cul -
ture using Waymouth medium supplemented with 15% 
serum and antibiotics and incubated at 37°C with 
continuous gassing with 5% CO2. Cell culture main-
tenance was performed as previously described 
(Wallen et al., 1984). Briefly, cells were subcultured 
by trypsinization (0 .17 % trypsin) and repeated 
pipetting to suspend the cultures before replating. 
The repeated pipetting did not result in disruption or 
lysis of the cell plasma membrane as visualized by 
electron microscopy. The physiological states of P, 
T and QI cells were obtained from cultures seeded to 
contain 105 cells in 5 ml of medium in 25 cm2 flasks. 
P cells were from two day cultures, while T cells 
were from four day cultures and QI cells were seven 
day cultures which had not been refed. A highly 
enriched Gl quiescent tumor cell population was 
induced in vitro by this nutrient deprivation ( Wallen 
et al., 1984)---:-St4 cells were from seven day cultures 
refed with fresh complete medium in situ and ana-
lyzed 4 h later. These St4 cells were metabolically 
active Gl cells since no cells enter S phase before 
14 h (Dethlefsen and Ridinger, unpublished data). 
Transmission Electron Microscopy 
Monolayer cultures were trypsinized and 
collected by centrifugation at 1,000 rpm for 5 min. 
This centrifugation procedure did not cause any 
detectable flattening or distortion of the cells. The 
pelleted cells were resuspended in phosphate buffered 
saline (PBS, pH 7 .2) for subsequent cell fixation. 
Primary fixation was accomplished using 1. 5 % 
glutaraldehyde buffered with 0.1 M sodium cacodylate 
(pH 7 .2) for one hat 200c and was followed by a 30 
min wash in 0.15 M sodium cacodylate buffer. The 
cells were then post-fixed in 1% OsO4 buffered with 
0.1 M cacodylate. This fixation procedure does not 
decrease the nuclear dry mass and causes little 
removal of acid soluble proteins from nuclei fixed 
with glutaraldehyde (Olins and Wright. 1973). After 
an acetone dehydration series, the cells were 
embedded in Spurr's epoxy resin ( Poly sciences, Inc.). 
Gold to silver thin sections of the cells embedded in 
polymerized Spurr's epoxy resin were cut with glass 
knives and picked up on copper grids (200 mesh). 
Prior to viewing the cells, the sections were stained 
with uranyl acetate and lead citrate. The sections 
were viewed using a JEOL 100S transmission electron 
microscope at an accelerating voltage of 60 keV. 
The cell sections were photographed at a magnifica-
tion of 5,000 to 10,000 X. The electron microscope 
magnification was calibrated against a latex specimen 
standard purchased from Polysciences, Inc. For 
statistical analyses, print magnification was 
standardized at 20,000 X. 
Morphometric analysis 
Cells from each of the four metabolic groups 
were collected from two culture dishes. The cell 
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samples from each culture dish were fixed sep1rately 
and processed for thin sectioning. A total o' three 
blocks were prepared from each dish of cells, and 
from each block, sections through cells were 
collected onto three grids. 
Quantitation of area was determimd by 
morphometric analysis using Weibel' s point crunting 
method (Weibel et al., 1966; Weibel, 1979). A square 
grid drawn on a transparent overlay sheet wai used. 
The lines were drawn so that the distance between 
intersections (points) was one cm. The sco?ing of 
points over the various selected subcellular conpart-
ments was performed manually. The area of Ue sub-
cellular organelle of interest was determir:ed by 
dividing the number of points over the orgamll e by 
the total number of points over the whole nuc:eus or 
whole cell. Diameter measurements were taken 
directly from micrographs using a measuring micro-
meter. According to the Delesse principle, on the 
average the fractional area of a particular component 
on sections of a solid body is directly propcrtional 
to the fractional volume of that component in the 
original solid body (Weibel, 1979). The ?andom 
sampling method used for the morphometric a1alysis 
involved photographing only whole cells contaming a 
nuclear profile. Thus a bias was establisl.ed for 
nuclear containing cellular profiles; however, this did 
not cause any change in the size or distribution of 
mitochondria or lipid bodies as determir:ed by 
sampling a few sections through cell ends Yithout 
nuclear profiles. 
Results 
Representative sections through P, T, Q1 and 
St4 cells are shown in Figs. 1 through 4. Tl.e mor-
phological organization in the four metabolic groups 
appeared qualitatively different. Morphimetric 
analysis of the cell sections was performed tc quan-
titate the changes described below. For clrrity of 
presentation, the cell was compartmentalized into the 
nucleus and the cytoplasm. The two categories were 
further compartmentalized into organelles of interest. 
Cytoplasmic Morphometry 
In 67 P cells (Fig. 1), cytoplasmic orgar.ization 
was characterized by a disperse distribution cf mito-
chondria with non-distinct cristae. On the arerage, 
there were seven mitochondria per cell sectio1. The 
average mitochondrial dimensions were 1.0 x 0.6 µm 
(Table 1). Using this information we calculated an 
average mitochondrial area of 0.47 µm2 from the for-
mula for area of an ellipse. The cytoplasm was also 
characterized by very little vesiculation and a 
moderately distinct endoplasmic reticulun with 
prominent golgi stacks and annulate lamella€ at the 
nuclear periphery. The appearance of lipid bodies 
were rare (Figs. lA and lB). Thirty one micrographs 
out of 38 had no lipid bodies and in only seven 
micrographs, three lipid bodies per eel: were 
observed. The few lipid bodies found were, on the 
average, round in shape with an average diarneter of 
1.3 µm. Cell surface activity appeared normal having 
no large distinguishable membrane blebs. Typical 
appearance of microvilli at the plasma membrane was 
observed in Fig. lA. 
The general organization of 67 T cells jid not 
appear to be significantly changed in compa1ison to 
P cells (Fig. 2A). An average number of eigU mito-
chondria were found per 67T cell section (Fi 5 . 2A) 
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and the size of the mitochondria was reduced to a 
calculated average area of 0.22 µm2 versus 0.47 µm2 
for P cells (Table 1). The average number of lipid 
bodies counted per T cell section was two while the 
diameter of the lipid bodies decreased slightly to 
0.9 µm (Table 1) from the 1.3 µm diameter of lipid 
bodies in P cell sections. 
The cytoplasmic ground substance Q1 cells was 
more uniform in appearance than in the P or T cell 
sections. Several cell profiles showed little 
delineated endoplasmic reticulum or obvious punctate 
ribosomes. The 67 Q1 cells had more mitochondria 
per cell section (Fig. 3B) than either P or T cells 
(Table 1). The dimensions of the mitochondria were 
equal to those indicated for T cells. The Q1 cell 
sections contained six lipid bodies per cell section 
which was more than the number of lipid bodies 
found in either P or T cells, and these lipid bodies 
has an average diameter of 1. 2 µ m (Fig. 3B) . 
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Fig. 1. Transmission electron micrographs of 
representative 67 P cells (A and B). The whole P 
cell profile (A) is contrasted with a higher 
magnification micrograph of a P cell nucleus (B). 
The whole cell profile in A is comparable in size to 
the whole cell profiles of T, Q1 and St4 cells in 
Figs. 2A, 3A, and 4A, respectively. Mitochondria 
(mt), vesicles (v), nuclear envelope (ne), 
heterochromatin (he) and the nucleolus (N) are 
indicated. Bars = 1 µm. 
Fig. 2. Transmission electron micrographs of 
representative 67 T cells (A and B). The whole T 
cell profile (A) is contrasted to a photographic 
enlargement of T cell nuclear and cytoplasmic 
structures (B). The presence of a microtubule 
organizing center (mtoc) with microtubules radiating 
from the organelle is shown in the cytoplasm of 2B. 
Lipid bodies ( 1) are indicated. Bars = 1 µm. 
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Table 1 - Cytoplasmic morphometryl 
67P 67T 67Q1 67St4 
no. lipid bodies/cell 1 + 0.12 2 + 0.64 6 + 1.32 22 + 3.29 
lipid bodies diameter ( µm) 1.3 + 0.10 0.9 + 0.03 1.2 + 0.13 0.6 + 0.10 
no. mitochondria/cell 7 + 0.50 8 + 1.27 11 + 1.32 16 + 1.68 
mitochondrial diameter ( µm) 
long 1.0 + 0.05 0.7 + 0.03 0.7 + 0.07 0.6 + 0.05 
short 0.6 + 0.03 0.4 + 0.02 0.3 + 0.02 0.3 + 0.02 
number of cells2 38 35 37 33 
1) Data represent the mean per cell section+ one S.E.M. Bonferroni's inequality rigorously controls for 
any possible Type I error by dividing the s.cceptable alpha value by the number of combinat·on of groups to 
test. For example, there are six possible dual combinations to test (P vs T, P vs St4, P vs Q1, T vs St4, T 
vs Q1, St vs Q1) and at a 95% confidence level (alpha= 0.05), the accepted level was 0.05/6 = 0.0083. Both 
one way analysis of variance (ANOVA) and non-parametric ANOVA agree on the following conclusions; the P 
cell distribution of microbodies is equal T cell and T cell distribution of microbodies is equal to Q1 cells. The 
distribution of lipid bodies in P vs St4, P vs Q1, T vs St4 and St4 vs Q1 were determined to be significantly 
different (p<0.03). 
2) The number of individual cell sections analyzed. 
Table 2 - Percent Nuclear Areal 
Nuclear compartment 67P 
Euc hromatin 61 + 1.82 
Heteroc hromatin 17 + 2.11 
Nucleolus 12 + 1.59 
Nuclear envelope 10 + 1.28 
Nuclear diamter 2 ( µm) 3.0 + 0.4 
67T 
70 + 1.94 
18 + 1.49 
7 + 1.23 
6 + o. 73 
3.8 + 0.4 
76 + 5.26 
15 + 2.14 
1 + 0.28 
9 + 2 .47 
2.1 + 0.1 
54 + 1.93 
29 + 1.31 
6 + 0.80 
11 + 1.18 
2.2 + 0.4 
1) The data represent the mean + one S.E.M. analyzed from the same cells in Table 1. 
2) Nuclear diameter was measured from the best-fit circle placed over the nucleus. 
A significant cytoplasmic feature of 67 St4 cells 
was its granular appearance (Fig. 4). Punctate 
ribosomes were observed on obvious endoplasmic 
reticulum. Golgi stacks were also observed. The St4 
cells had 22 lipid bodies per cell section but the 
lipid bodies had a smaller diameter than P, T or Q1 
cells (Table 1). Often the lipid bodies appeared to 
become subdivided by membranes. The average 
number of mitochondria per section of cell was high 
(16), however, in the sections through St4 cells 
containing many lipid bodies, only a few 
mitochondria were observed and conversely, if many 
mitochondria were observed, few lipid bodies were 
observed. The large variability observed in the mean 
number of lipid bodies per St4 cell section and to a 
lesser extent the number of mitochondria per cell 
section was not explained by the random sampling 
technique used but most likely reflects an 
inhomogeneous population of cells with respect to 
the presence of lipid bodies and mitochondria. 
794 
The frequency distribution of lipid bodies per 
cell was different in each of the four populations 
(Fig. 5) and approximated a poisson distribution. 
Any significant difference in the mean values (Table 
1) was determined statistically (see Table 1, footnote 
1). Using both parametric and non-parametric analy-
sis of variance, we found that the distributions of 
lipid bodies in P versus St4, P versus Q1, T versus 
St4, and St4 versus Q1 were signific1mt1y di.fferent 
but P versus T and T versus Q1 were not significant-
ly different. The observed variability was not due to 
an artifact of sampling. The possibility of sampling 
artifact was investigated using a nested, mixed model 
analysis of variance (Winer, 1971) with a square root 
transformation to normalize microbody counts (Rao, 
1973). No significant variability due to dishes, 
blocks or grids was found (P = 0 .54). 
Nuclear morphometry 
The nuclear morphological entities we chose to 
measure were nuclear diameter and nuclear area 
Ultrastructural changes in murine mammary carcinoma cells 
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A 
Fig. 3. Transmission electron micrographs of representative 67 Q1 cells (A and B). The whole Q1 cell 
profile in A illustrates the discrete patchy heterochromatin (he) organization (see A). Mitochondria and lipid 
bodies are indicated by mt and 1 respectively (B) and this section through the cytoplasm of a Q1 cell shows 
numerous lipid bodies. Bars = 1 µ m. 
Fig. 4. Transmission electron micrographs of 
representative 67 St4 cells (A and B). The whole 
St4 cell profile (A) illustrates the presence of large 
lipid bodies in the cytoplasm. A high magnification 
view of lipid bodies (1) and mitochondria (mt) is 
presented in B. Bars = 1 µ m. 
Fig. 5. Distribution of lipid bodies per cell. 
The number of lipid bodies counted per cell are 
plotted against the relative frequency of appearance 
of lipid bodies per cell to evaluate the distribution 
or homogeneity of each group in terms of this one 
morphological feature. The mid-points at the top of 
each bar were connected for P cells (•), T cells ("'), 
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occupied by euchromatin, heterochromatin, nucleolus 
and nuclear envelope. Nuclear organization was 
shown in more detail at higher magnification in P 
and T cells (Figs. 1 and 2, respectively). 
Changes in nuclear area were observed for P 
cells compared to T, Q1 and St4 cells. Nuclear size 
decreased as did cell size. The cellular volume for P 
cells was 1876 µm3 and for Q1 cells it was 951 µm3 
(unpublished results Dethlefsen and Ridinger). P 
cells nuclei had a diameter of 3.0 µm and for Q1 
cells it was 2 .1 µm (Table 2). The T cells nuclei at 
3.8 µm were slightly larger than P cells nuclei and 
the St4 cell nuclei at 2 .2 µm were the same diameter 
as Q1 nuclei. The mean nuclear diameter in Q1 cells 
was uniformly small. 
The relative cross-sectional nuclear areas of the 
nuclear envelope, heterochromatin, euchromatin and 
nucleoli were used to determine changes in chromatin 
compaction into heterochromatin (measured as a 
change in nuclear area occupied by heterochromatin). 
Also any change in the size of the nucleolus was 
derived from measurements of the relative nuclear 
area occupied by the nucleolus. Nuclear envelope 
invaginations and nuclear size were quantitated by 
measurements of the nuclear area occupied by 
nuclear envelope. 
The area occupied by heterochromatin did not 
significantly change from P to Q1 cells (Table 2). 
However, a large increase in nuclear area occupied 
by heterochromatin was observed in the St4 cells 
(Fig. 4A). Concomitant with the changes described 
for nuclear area occupied by heterochromatin were 
alterations in nuclear area occupied by euchromatin 
and nucleoli. The Q1 cells did not contain a more 
condensed chromatin than P or T cells but the 
micrographs showed that Qi cells had fewer hetero-
chromatin patches than P cells (Figs. 1 and 3A) 
indicating some reorganization in higher order 
chromatin packaging. On the average, there was less 
than four heterochromatin patches in Qi cells, 
whereas P cells had more than nine patches per cell 
profile. The Qi cells had large, discrete hetero-
chromatin patches located at the nuclear periphery 
(Fig. 3A) while P cells had smaller patches observed 
in a more patchy disperse distribution (Figs. lA and 
lB). 
The relative nuclear area occupied by the 
nuclear envelope compared to P cells, decreased in T 
cells and began to increase back to a P status in Q1 
cells (Table 2). The Q1 cell population showed high 
variability from cell section to section in the relative 
nuclear area occupied by nuclear envelope. St4 cells 
had relative nuclear area occupied by the nuclear 
envelope approximately equal to P cells. The 
visualized extent of nuclear envelope invaginations in 
P, T, Q1 and St4 cells changed with nuclear size 
(Figs. lA, 2A, 3A, and 4A). These observed nuclear 
envelope invaginations followed the same increases 
and decreases in nuclear envelope area described by 
morphometry (Table 2). 
A significant morphological change was the 
trend towards almost complete loss of nuclear area 
occupied by the nucleolus in Q1 cells. The nuclear 
area occupied by the nucleolus in P cells was 12%, T 
had less at 7 .0% and Q1 cells had only 1.0% of its 
nuclear area occupied by the nucleolus. Q1 cell 
nucleoli were not uniformly dense like the P cell 
nucleoli and had a trabecular-like nucleolar organi-
zation. Upon stimulation to re-enter a cycling state, 
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St4 cells exhibited an increase in nucleolar area to 
6.0%. The fraction of cell sections which lacked a 
nucleolus illustrated the loss of detectable nucleolar 
structure more dramatically, with 29 out of the 37 Q1 
cells showing no nucleolar profile while only nine 
out of 33 St4 cells had no nucleoli. 
Discussion 
A number of significant morphological changes 
in the cellular ultrastructural organization occur as 
the P mammary tumor cells enter the nutrient-
deprived but well oxygenated quiescent state (Qi). 
The appearance of lipid bodies was a predomi-
nant morphological change. Although the exact 
metabolic role of lipid bodies is unknown, the 
number and size of lipid bodies is likely an indicator 
of the cellular metabolic state. Very few to no lipid 
bodies were found in P cells whereas numerous large 
lipid bodies were observed in Q1 cells. Upon stimu-
lation of the Q1 cells into an active metabolic state 
(St4), an increase in number but a reduction in size 
of lipid bodies was observed (Table 1). Between 
groups and within each group, a heterogeneous 
expression of lipid bodies and mitochondria was 
found. This heterogeneity in lipid bodies suggests 
that individual cells may be entering or leaving the 
T, Q1 or St4 cell status at different rates and an 
active process of morphological change is charac-
teristic of the four groups. 
In the nucleus, we found that the relative area 
occupied by the nucleolus was reduced from 12% in P 
cells to 1 % in Q1 cells, and the nucleolus began to 
reappear in St4 cells (Table 2). The nucleolus in the 
67 Qr cells appeared trabecular or ring-shaped and 
they were similar in appearance to the experimental 
slow-growing mammary carcinomas confined in the 
G1 phase of the cell cycle as reported by Potmesil 
and Goldfeder (1977). These morphological altera-
tions reflect the limited rate of RNA synthesis in 
cell-cycle arrested Q1 cells or in slow growing 
tumors (Postmesil and Goldfeder, 1977). The 67 Q1 
cells used in thses studies were also a G1 population 
of cells with reduced protein and RNA content 
(Wallen et al., 1985). Therefore, it appears that 
quiescent cells in vivo behave as quiescent cells in 
vitro. --- -
---The nuclear area occupied by heterochromatin 
did not change from P to T to Q1 cells but increased 
in St4 cells. Although Q1 cells contained equivalent 
area occupied by heterochromatin as compared to P 
cells, the heterochromatin was packaged into a few 
patches in Qy cells whereas P cells generally had 
several more patches of heterochromatin suggestive 
of some change in higher order chromatin compaction 
state in Qy cells. 
The mere presence of lipid bodies is not an 
adequate explanation for the differing radiation 
response of the four groups. Q1 cells were the most 
radiosensitive, but the number of lipid bodies per cell 
was equal to that in P cells. In contrast, St4 cells 
had the largest number of lipid bodies per cell 
profile but the radiation response was equivalent to 
that of P cells. Other morphological characteristics 
which have been suggested to correlate with 
enhanced radiosensitivity are a small critical target 
volume, i.e., small nucleus, and/ or compact chromatin 
(Suciu, 1985). However, in the studies reported here, 
the nuclear size did decrease in Q1 cells compared to 
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P cells but in the St4 cells, whose radiation response 
was back to a P cell level, the nuclei were about as 
small as that found in Q1 cells. Therefore, the small 
size of the Q1 cell nucleus does not predict the 
cellular radiation response. Also in radiosensitive Q1 
cells, the chromatin was not highly compacted, thus 
compact chromatin does not explain the increased 
radiosensitivity of Q1 cells. Only the loss of the 
area occupied by the nucleolus in Q1 cells directly 
correlates with the radiosensitivity of the population. 
However, we are not aware of any data which sug-
gest that a reduction in the synthesis of ribosomal 
RNA or the maturation process of ribosomal RNA per 
se would make cells more radiosensitive. -
Conclusion 
In conclusion, these results define altered 
morphological characteristics which are probably 
indicative of altered metabolic function in these 
tumor cells growing in four different physiological 
states. However, these morphological characteristics 
are not indicative of altered radiosensitivity. 
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Discussion with Reviewers 
J .G. Szekely: Is the increased radiosensitivity of Q1 
cells relative to P cells unique to the 67 cell line or 
is it found in others? How does this compare to the 
in vivo situation where Q1 cells might be expected 
to be more radioresistant? 
Authors: Quiescent cells are thought to be a 
resistant subpopulation of cells to radiation because 
frequently quiescence, in vivo, is equated with a 
hypoxic state. However-;- wlilun a given quiescent 
state, the proliferative status or genetic composition 
or physiological environment (pH, 02 and other 
nutrients) may modify the radiation response. This 
is a significant rationale for the study of a defined 
model system of cells in quiescence which can be 
grown in vitro, and where modification of some of 
these parameters is possible (Wallen et al., 1985). 
J .G. Szekely: How did the distribution of nucleolar 
area in Q1 and St4 cells compare to the distribution 
of lipid bodies shown in Fig. 2? Were they also 
more variable than those for the P and T 
populations? 
Authors: The appearance of lipid bodies in St4 cells 
was found to be distributed in a poisson distribution, 
i.e., was very variable per cell profile. In addition, 
the presence of nucleoli in St4 cells was also 
variable (see Tables 1 and 2). 
J .G. Szekely: Could the increased number of lipid 
bodies per section seen in Q1 cells be due to a 
decrease in cell size rather than an increase in lipid 
body number? 
Authors: A decrease in cell size could be a possible 
explanation for the number of lipid bodies observed 
in the Q1 cells. However, an actual subcellular 
fractionation study has not been performed to 
confirm or deny this point. 

